INTRODUCTION.
The part played by streptococci in acute rheumatic fever has long been a subject for discussion, with the chief attention directed towards Streptococcus viridans. Hemolytic strains have, however, been isolated at times from the blood and other sources in patients with this disease. It has long been noticed that many patients give a history of a sore throat shortly before the onset of their acute arthritis. Of 122 admissions for rheumatic fever to the Hospital of The Rockefeller Institute during the last few years, a history of a recent acute sore throat was obtained from 62 patients--or, roughly, 50 per cent. Since one of the commonest organisms associated with an acute tonsillitis or pharyngitis is a hemolytic streptococcus, it seemed of interest to seek for, and, if found, to study these organisms in the throats of patients early in the course of rheumatic fever. A difficulty here arose: by the time the patients with arthritis enter the hospital most of them have more or less completely recovered from their throat infection and show at most slight redness of the tonsils or pharynx. During the past 5 years at this Hospital, only 5 rheumatic fever patients have been seen in whom the throat infection was really active at the time of admission. Throat cultures were made from 4 patients within 10 days of the onset of their acute throat infection: in two, hemolytic streptococci were the predominating organisms; in the third, there were only a few hemolytic streptococcus colonies; in the fourth, there was an almost pure culture of Streptococcus viridans.
It has been shown that in several diseases associated with hemolytic streptococci these have special serological characters. Tunnicliff (1), Dochez and Bliss (2), Gordon (3) , and others found that streptococci from patients with scarlet fever fall into a definite serological group. Tunnicliff (4) and Birkhaug (5) have demonstrated a similar relationship among erysipelas strains. Dochez, Avery, and Lancefield (6) , also, found 4 well defined groups in a pneumonia epidemic in Texas. We accordingly endeavoured to ascertain if the strains isolated from patients with rheumatic fever were serologically related. The importance of isolating such strains as early as possible in the disease is evident especially since Eagles (7) has presented evidence to show that the streptococci from the fauces of patients with scarlet fever may, during the early weeks of the disease, change in their power to be agglutinated by a single immune serum. No attempt will be made in this paper to discuss what part, if any, is played by hemolytic streptococci in the etiology of rheumatic fever.
Sources of Material.
13 strains of hemolytic streptococci were isolated from patients with rheumatic fever, in most instances by means of throat swabs; and compared with them were 14 strains from other sources; these included the 4 type strains of Dochez, Avery, and Lancefield (6), ($3, $23, $60, and $84), Gordon's Type I Streptococcus pyogenes strain, a scarlet fever strain from Dochez (NY5), and an erysipelas strain from Dr. Harold L. Amoss (B3); the others were mostly from infections of the respiratory tract. These 27 strains were studied from the standpoint of sugar fermentation, agglutination, and agglutinin absorption. For the serological studies sera were prepared against 4 "rheumatic fever" and 5 other strains. Table I shows the source of the strains and some of their cultural characteristics. Their ability to ferment carbohydrates was tested by growth in Hiss serum water with Andrade's indicator; the tubes were incubated for at least 4 days before being read; growth was verified by subcultures on blood agar plates. Special mention must be made of 3 of the "rheumatic fever" strains against which sera were prepared. T10 is of particular interest: it was recovered from an old rheumatic fever patient, A. M., a girl of 14, who was admitted on account of a slight bronchitis. While under observation she developed acute angina in the course of an epidemic of sore throat which was present in the ward; from her throat nearly a pure culture of hemolytic streptococci (T10) was obtained. 4 weeks later she developed mild acute polyarthritis. 6 weeks after the onset of angina, large numbers of hemolytic streptococci (T30) were still present in her throat and, unlike most of the streptococci which Eagles studied from patients with scarlet fever, these seemed to be serologically identical with those recovered earlier. From another patient, A. B., a girl aged 16, dying of acute rheumatic carditis on the 16th day of her disease, streptococci (T20 and T25), apparently serologically identical, were recovered from the pericardium and tonsil respectively. T27b was a remarkable organism recovered from a subcutaneous fibroid nodule excised at biopsy from a boy aged 7. As shown in Table I , its sugar fermentations were unusual; it hemolysed blood on plates, but would never do so in liquid media; a final pH of 4.5 was attained in dextrose blood broth, as would be expected with a bovine strain. In addition to this strain only 4 of those studied failed to fall by their sugar fermentations into the classical Streptococcus pyogenes group.
Technique.
Sera were prepared by immunizing rabbits intravenously. The animals were given injections on 4 successive days, then 4 days rest, and so on; 3 courses were usually sufficient. For the first 6 injections the rabbits received heat-killed cultures which were increased gradually from 5 to 15 cc.; subsequently live cultures, starting with 0.5 cc. and increasing to 5 cc., were injected. 5 days after the last inoculation a test bleeding was made; ff this was satisfactory the animal was exsanguinated and the serum stored on ice without preservatives. The sera all agglutinated the homologous organism to a dilution of 1 : 1280, and frequently to 1:2560.
The agglutination technique was similar to that described by Dochez, Avery, and Lancefield (6) : buffered broth at a pH of 7.6 was used for the cultures and for making all dilutions; the sedimented organisms were washed once and resuspended in similar broth. Thus suspensions sufficiently stable for agglutination tests were obtained with all but 5 of the 27 strains. Unless the suspension was quite stable in the control tubes with broth and normal rabbit serum the experiment was disregarded. Readings were made after 1½ hours (in earlier experiments 2 hours) in the incubator at 56°C. .< Agglutinin absorption was used as a check on the agglutination in all cases; by its aid we were able to study even the 5 strains in which the growth was persistently granular. Serum with a titre of at least 1 : 1280 was diluted 40 times with buffered broth; 0.75 cc. portions (in earlier experiment 1 cc.) of this diluted serum were each absorbed once with the centrifuged deposit from 50 cc. of heavy 18 hour growths of the various strains; these proportions were found sufficient to absorb the agglutinins from a serum by its homologous strain. After absorbing for 2 hours in a water bath at 37°C. the mixtures of serum and streptococci were centrifuged; the serum was pipetted off and set up against its homologous organism in dilutions of 1 : 80, 1 : 320, and 1 : 1280. Control tubes were always set up containing respectively a streptococcal suspension with broth, with normal rabbit serum, with unabsorbed immune serum, and with serum absorbed by the homologous organism. As it was found that live or heat-killed organisms were equally utilizable, living cultures were employed throughout. A typical protocol is shown in Table II . 
Protocol of an A gglutinin Absorption Experiment with $23 Serum.
All sera, both absorbed and unabsorbed, tested against Strain $23. 4 indicates complete agglutination and sedimentation; 3, complete agglutination with a little turbidity remaining above it; 2, lesser degrees of agglutination; 0, no agglutination.
RESULTS.
In Table III are shown the results in employing 9 sera to study 27 strains by means of agglutination and agglutinin absorption tests. As a rule, at least 2 rabbits were immunized against each strain; since there was never any significant difference in the behaviour of the 2 sera thus prepared against a single organism they are not represented separately in the table. The results obtained with the 2 tests are shown in parallel columns for purposes of comparison. 2 strains (T10 and T30) isolated from the same patient were serologi-cally identical: T10 was, therefore, studied in greater detail than T30; the same remarks apply to T25, which was apparently the same as T20.
Several facts are at once apparent on studying the results of the agglutination and agglutinin absorption reactions. All strains were agglutinated by and absorbed agglutinins from their homologous sera; but in several instances there was a failure to obtain both reactions even though one of the two was positive. If it is necessary to have both agglutination and agglutinin absorption positive in order to identify any 2 strains as the same it is obvious that no 2 strains from our patients were identical, with the doubtful exceptions of T20 and T77. This seems to answer our original question; but incidentally a number of other points arose which are of general interest in the study of streptococci.
It is not uncommon to find streptococci which agglutinate with the sera prepared against other strains but which are distinct from those strains by the agglutinin absorption test. Thus Strains T92 and TI07 were agglutinated by a number of antistreptococcus sera, but failed to absorb the agglutinins from these sera. On the other hand, the demonstration of agglutinin absorption in the absence of agglutination is unexpected. It was found that a scarlet fever strain (NY5) and at least 4 other strains absorbed the agglutinins from T20 serum, without being agglutinated by this serum, nor was Strain T20 agglutinated by serum prepared against either Strain NY5 or Strain $3. Durand and S6dallian (8) met with the same phenomenon on several occasions in the course of their studies on hemolytic streptococci; like us they also encountered a number of strains Which were agglutinated by a given serum and yet failed to absorb the agglutinins from it.
Because of the close relationship found to exist between Strains $23, T10, and T40, careful study was given to them. Strain T10 fermented mannitol; the other 2 did not. Sera prepared against each of these strains agglutinated all 3 members of the group to a titre of 1:1280; hence, by agglutination they appeared to be identical. Each serum, on the other hand, had its agglutinins removed by absorption only with its homologous strain; absorption with the other 2 organisms did not lower the titre appreciably for that homologous For controls on this experiment see Table IV . 4 indicates complete agglutination and sedimentation; 3, complete agglutination with a little turbidity remaining above it; 0, no agglutination.
strain. By agglutinin absorption, then, each member of the group was distinct. This relationship is, of course, closely comparable with that existing between members of other more carefully studied groups of organisms such as the Salmonellas (Bacillus paratyphosus B, etc.). It seems necessary, therefore, to postulate the existence of specific and group antigens in these streptococci, as has been done by F. W. Andrewes in the Salmonellas (9) . In order to determine whether 1 group antigen was common to these 3 streptococci the following series of experiments were performed: Each of the 3 diluted sera was divided into 3 lots; 1 portion from each serum was absorbed with Strain $23, 1 with T10, and 1 ydth T40; each of these absorbed Strains against which sera were tested. Table IV shows that absorption of each serum by its homologous strain removed all the agglutinins from it. Table V shows that absorption of a serum by a heterologous strain removed all agglutinins for the strain used for absorbing but failed to remove the specific homologous agglutinins; i.e., those for the strain used in preparing the serum. The unabsorbed serum and normal serum controls are recorded in Table IV , hence are not repeated in Tables V and VI. So far the results are not unexpected; but those in Table VI are more interesting. If the cross-agglutinations among these 3 strains ltEMOLYTIC STREPTOCOCCI IN" RItEUMATIC FEVER were due to 1 group antigen common to all 3, absorption of any serum by a heterologous strain should remove the group agglutinins for the other heterologous strain.
But it is evident that when Strain $23 was used for absorbing, all "group" agglutinins were removed, as was expected; on the other hand, when Strains T10 and T40 were used for absorbing, the titre of the serum for the heterologous strains was only slightly reduced; the experiment was twice repeated with similar results. When the absorbing doses used.were 10, and even 26 times the ordinary dose employed, still T10 serum absorbed by T40 and T40 serum absorbed by T10 were able to agglutinate $23 almost as well as originally. Streptococcus $23 varied from day to day in the degree to which it was agglutinated by T10 and T40 sera; hence it cannot be concluded that any absorption had occurred in the experiment recorded in the first 2 columns of Table VI, for on the date of this experiment it did not agglutinate any better with unabsorbed sera.
In trying to determine whether each strain contained an antigenic element not shared by either of the other 2, the same sample of each serum was absorbed successively by the 2 heterologous strains. In no case did this procedure affect the titre of the serum against its homologous strain. A strain, $65, isolated by Dochez, Avery, and Lancefield (6) in 1918 and found by them to be a homologue of $23 behaved towards Strains T10 and T40 exactly as did Strain $23, both by agglutination and agglutinin absorption tests.
To interpret the foregoing results it seems necessary to assume that each streptococcus contains a specific antigen and at least one other factor which is common to all. The results shown in Table VI , moreover, make it appear that the complete explanation is somewhat complex. It is possible that we have to deal with more than one group antigen, as seems to be the case with the Salmonellas (10); but this is by no means proven. It is also possible that the 3 organisms under study differ in the relative amounts of group and specific antigens which they contain, or that the situation is complicated by other factors as yet not understood. In any case, it would be premature, after a study of only 3 strains to try to portray graphically their antigenic mosaic, though it is tempting to endeavour to do so. The results obtained, however, indicate that hemolytic streptococci may be antigenically related to each other in a rather complex manner.
It has been shown that the members of the Salmonella groups are diphasic (F. W. Andrewes (9, 10)) because some individuals of each strain possess mainly group antigen while others have almost wholly the specific antigen. It seemed desirable, therefore, to pick individual colonies of the 3 streptococcal strains under study and to see if cultures from each colony behaved alike towards the various sera. Broth cultures from 18 colonies of Strain $23, 15 of T40, and 33 of T10 were tested by agglutination against all 3 sera; all behaved alike within narrow limits. The agglutinin absorption test was not applied to the cultures from these colonies; one cannot, therefore, say definitely that they were antigenically identical, but can only presume that all the colonies picked contained at least one common antigen.
Towards the end of this work we encountered another illustration of the difficulties which beset the worker who studies streptococci. It was necessary to prepare a fresh supply of serum against Strain T10: this was found to have as high a titre against T10 as our original serum; it had, however, only a small amount of agglutinins for Strains $23 and T40 although, as will be shown later, it apparently had good protective power against Strain $23 when tested in mice (see Table VIII ). The stock blood broth culture which was kept in the ice box and used in preparing this serum was formerly agglutinated by T10, $23, and T40 antisera in dilutions of 1:1280; on retesting, we found that it still agglutinated to 1: 1280 with its homologous serum, to 1:1280 with T40 serum, and to 1:320 with $23 serum. On the other hand some of the original culture which had been preserved by drying in the frozen state was still agglutinated with T40 and $23 sera in dilutions of 1:1280, as of old. It thus appears that variations may occur in the power of a culture to show cross-agglutination and to stimulate the production of group agglutinins even though we were unable by picking colonies to demonstrate the existence of sharply defined phases.
The agglutination and agglutinin absorption tests each considered separately would lead to very different conclusions as to the relationships existing among $23, T10, and T40. It seemed of interest, therefore, to compare the relationships indicated by these 2 methods with those demonstrated by protection experiments in mice. In their study of hemolytic streptococci, Dochez, Avery, and Lancefield (6) , whenever they could raise the virulence of a strain high enough to study mouse protection, were able to confirm by means of protection their classification based on agglutination. They did not t3o "l t3o "1 " I S = survived. t = died. study agglutinin absorption; but some of their old strains were fortunately available for our use. Strains S10 and S100 were found by them to be homologues of $60, Strains S15, $50, and Sll0 were homologues of $84, and Strain $65 was the same as $23. We ap-plied the agglutinin absorption test to these strains and in all cases the results confirmed the classification made by these workers. In other words, with the strains they studied the results based on agglutination, agglutinin absorption, and mouse protection are identical. Only 1 of our strains, $23, could be rendered sufficiently virulent by repeated passage through rats and mice to be of value in mouse protection tests; it finally killed mice in doses of 0.000001 to 0.0000001 cc. We employed the same technique for our protection tests as that used by the authors mentioned above: mice were given 0.5 cc. of immune serum intraperitoneally and 24 hours later were inoculated by the same route with the appropriate dose of culture suspended in 0.5 cc. of normal salt solution.
The protocols of 2 experiments are given above. It will be seen that the homologous serum protected mice against 0.1 cc. of $23 culture in the first and 0.001 cc. in the second experiment; these results are perhaps comparable as the second culture used was more virulent. In the first experiment T10 and T40 antisera each showed some protective power, in that they saved the mice from 0.0001 cc. of culture. In the second experiment, however, T40 antiserum only protected against 0.00001 cc. of culture as might be expected because of the increased virulence of the strain; but in the case of T10 antiserum there was protection equal to that afforded by $23 antiserum. This was unexpected since we used, in this test, a fresh lot of T10 serum which agglutinated Strain $23 very feebly. Serum prepared against Gordon Streptococcus Type I, an organism with which Strain $23 showed no cross-agglutination, had no protective power against the latter strain. This is in agreement with Dochez, Avery, and Lancefield (6), who found no evidence of protection by completely heterologous sera. If we had attempted to classify our 3 strains solely by the mouse protection method there would have been some doubt whether T10 and more doubt whether T40 should be included in the same group with $23.
DISCUSSION.
Our inability to demonstrate a serological relationship among hemolytic streptococci from patients with rheumatic fever needs no further discussion. We realize, of course, that this failure would lcI~MOLYTIC STREPTOCOCCI IN RHEUMATIC FEVER be more convincing if we could have obtained more cultures at the time of the onset of the sore throat.
Without preparing many more sera it is not possible to state that all the streptococci studied were serologically distinct; we have not attempted a complete classification of the 27 strains. It is interesting however, to note that we met with no strain in New York City which corresponded with any of the 4 type strains which Dochez, Avery, and Lancefield encountered in Texas or with Gordon's Type I strain, which he believes to include the majority of Streptococcus pyogenes (3) . Our failure to find strains similar to those isolated in Texas is not surprising in view of the fact that Valentine and Mishulow (11) in New York during 1921 were able to isolate from 52 streptococcusinfected patients only 1 strain identical with any of the 4 type strains of Dochez, Avery, and Lancefield; in their studies both agglutination and agglutinin absorption tests were applied. Krumwiede, Cooper, and Provost (12) have advanced arguments indicating that reciprocal agglutinin absorption is the ultimate criterion of serological likeness of two bacterial strains. Our work indicates that such agglutinin absorption must be used to control the results of agglutination. We have not admitted the identity of any 2 strains unless the results of these 2 tests agree; there seems at present no reason for applying to the classification of the hemolytic streptococci criteria less rigid than are employed with other groups of bacteria. The results obtained with Strains $23, T10, and T40 raise the whole question of the relative value of agglutination, agglutinin absorption, and protection for the classification of streptococci. In spite of much labour the classification of the hemolytic streptococci is in its infancy. It is a study complicated by the fact that, although complement fixation (Kinsella and Swift (13)) and precipitin reactions (Hitchcock (14) ) might seem to indicate that the group is a homogeneous one, yet agglutination, agglutinin absorption, and mouse protection methods tend to show that it is heterogeneous. The explanation of the results obtained by the complement fixation and precipitin tests is probably to be found in the existence of identical or closely related nucleoprotein and soluble substance elements in different strains (Lancefield (15); Hitchcock (14) ). It seems not unlikely that, as Durand and S~dal-lian (8) suggest, streptococci do not fall into sharply defined types but contain an antigenic mosaic, the constituent parts of which are distributed in a more or less complicated manner amongst the members of the class.
S~ARY.
I. Thirteen strains of hemolytic streptococci isolated from patients with acute rheumatic fever did not show any evidence of being related serologically.
2. Strains of hemolytic streptococci exist which, although identical by the agglutination test, do not show complete reciprocal agglutinin absorption. Sera prepared from such related strains may show some protective power in mice against another member of the group.
3. Some strains of hemolytic streptococci may absorb agglutinins from a serum prepared against another strain, and yet may fail to be agglutinated by that serum.
4. None of 20 strains of hemolytic streptococci isolated in New York City in 1924, and 1925, corresponded serologically with Dochez, Avery, and Lancefield's 4 type strains or with Gordon's Type I strain.
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